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al., Cell 100, 209–219, 2000, Vasioukhin et al., Cell 104, Modeling: Understanding
605–617, 2001; Huelsken et al., Cell 105, 533–545, 2001). or Imagining ComplexThe second part of the book takes us on a guided
Cell Biology?tour of the undercover defense system of the skin. Here
we enter the realms of immunological agents that oper-
ate like James Bond, in thrilling ways, but under obscure
Computational Modeling of Genetic andacronyms that confound the novice reader. Chapter 8
Biochemical Networksbegins with an overview of how armies of leukocytes
Edited By James M. Bowerreceive their marching orders via the sequential expres-
and Hamid Bolourision of adhesion systems, selectins, integrins, and Ig-
Cambridge, MA: MIT Press (2001). 336 pp.CAMs that dispatch and direct them to sites of epidermal
$59.95transgression. Chapter 9 continues this theme, outlining
the distinctions among the specific ranks of lympho-
cytes that home in to different niches in the skin. Chapter
The progress in biochemistry and molecular biology
10 gives a lucid introduction to the role of the antigen-
over the past three decades has allowed us to collect
presenting cells, as “resident sentinels” that rally lym- a reasonably extensive “parts list” of a cell. The list
phocytes and select their recruits. It covers how costim- is by no means complete, as the recently completed
ulatory signals lower the T cell activation threshold and sequencing of several genomes has shown us. Never-
prevent battlefield fatigue by inducing a sustained re- theless, even as research to complete the parts list con-
sponse. This chapter also deals with the important nega- tinues, it appears that the time has come to understand
tive autofeedback regulation, provided by CTLA-4, that how these parts are put together to form a living cell.
functions to “demobilize the troops.” The dire conse- This needs to be done at several levels, using both
quences for the skin of permitting the immune system reductionist and integrative approaches in both experi-
to rampage unchecked becomes apparent in the discus- ments and theory. Biochemistry and molecular biology
sion of skin diseases ranging from contact dermatitis have thrived using a purely reductionist approach. This
of course was both necessary and appropriate for theto psoriasis. Chapter 11, one of the best-written and
times, when the key focus was to define the minimalaccessible chapters in the book, covers the different
units required for defined functions. As these units havemouse models of skin disease that result from overzea-
been assembled, systems have begun to emerge. Onelous deployment of the immune system to the epidermis.
example of the emergence of such a system duringThis is followed by two short chapters, 12 and 13, on
the nineties was the receptor tyrosine kinase/Ras/MAPLangerhans cell migration and therapeutic targets of
kinase signaling pathway. Another example is the ubi-inflammatory disease that unfortunately recap much
quitination-proteasome system, which is responsible forthat has been covered before.
the targeted degradation of many cellular proteins. In
Taken as a whole, the book presents an interesting
addition to these biochemical systems, genetic systems
counterpoise, between the stable adhesive forces and have also started to emerge, particularly gene networks
cytoskeletal structures that stalwartly fortify the epider- that regulate various stages of development and differ-
mis, and the dynamic adhesive interactions that acti- entiation.
vate, relay, and coordinate defensive immunological Understanding how subcellular biological systems
stratagems. The book takes an encyclopedic approach and networks function as a whole will be a key step in
to the biological functions, mutations, and skin diseases understanding the design principles of how a cell is put
that are associated with each protein involved in these together. At its core, this is an engineering problem,
processes. This format can be a little stodgy and could albeit in reverse, since we are not trying to design a
living cell, but to understand how nature designed it. Ashave been helped by a greater attention to figures and
with most engineering problems, in addition to experi-tables that would give the reader a roadmap to the
mental measurements, one needs to be able to articulatedetailed text, and a useful cheat sheet for future refer-
the function of the system in mathematical terms andence. As is inevitably the case with most books due
be able to calculate how the system would functionto the time lapse from writing to publication, several
under various conditions. This is where computationalimportant newer advances are missing. However, the
modeling comes into play. Its potential usefulness liesauthors have clearly put much effort into reviewing their
in intimately combining experimental and theoreticalfields and, as a reference book and a comprehensive
analysis such that one is able to use the computational
resource, this volume succeeds.
analysis to pose higher-order questions that can be ex-
perimentally answered. Actually, we have not reached
this stage in many areas of biological sciences. In most
Pam Cowin1,2 and Tung-Tien Sun1,3,4 cases, data are first gathered and then mathematical
1 Department of Dermatology analyses of results are conducted in a post-hoc manner.
2 Department of Cell Biology This approach has been vividly demonstrated with ex-
3 Department of Pharmacology periments that use DNA chips, where typically large
4 Department of Urology data sets are gathered in a comparative mode and then
New York University School of Medicine analyzed to determine if defined patterns of systems
550 First Ave behavior are observable. This type of research is only
a few years old. It is possible that the current vectorialNew York, New York 10016
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approach will lead to a more iterative process whereby proaches to modeling of a complex biological function
the theoretical analysis will lead to substantial predic- is the chapter by Tyson and colleagues on cell cycle
tions that can be experimentally tested. regulation. Although the modeling itself is both complex
To fully integrate experimental and computational ap- and elegant, it is unclear what the benefits of this type
proaches, we may need to train a new generation of of modeling are except as an accounting tool describing
biologists who are equally comfortable with and critical the state of a few components of the cell cycle appara-
of both experimental and theoretical approaches to sys- tus. This appears to be the implicit conclusion of the
tems cell biology. This will have to be done at the senior authors themselves, leading to a question often asked
undergraduate as well as the graduate school level. This by the experimental community: What additional insight
book, edited by James Bower and Hamid Bolouri, is a into the biological system does this model provide that
product of a course organized by the editors at CalTech the experiments did not? This does not appear to be an
to define key areas in computational molecular biology easy question to answer in this case. The types of plots
to train such biologists. shown in this chapter bear little resemblance to what is
At the outset, a point of disclosure and statement of seen experimentally and hence experimentalists may
preference. My research (U.S. Bhalla and R. Iyengar, not relate to them. The experimental predictions are not
Science 238, 381 [1999]; Chaos 11, 221 [2001]) on the related to the overall physiological behavior but to the
analysis of signaling networks has benefited from the details of the modeling parameters. The challenge for
use of the general neural simulator (GENESIS) devel- such models will be to come up with higher-order nonin-
oped by Bower and his colleagues. Although primarily an tuitive predictions that can be experimentally tested.
experimentalist, in the past five years, I have increasingly Until then, most experimentalists will view such model-
used a combination of computational and experimental ing with a substantial degree of skepticism.
approaches in my laboratory and have found myself There are a number of other chapters that deal with
defending the computational approach on occasion. useful and conventional modeling such as molecular
The core difference in perspective between the model- dynamics simulations and biophysical models of neu-
ing and experimental communities is clearly laid out ronal functions. These types of models are more broadly
in the first paragraph of the Introduction. The editors used and these chapters will provide the student with
recognize this as an issue and try to address it in the useful introduction to these areas. Overall the book cov-
book at various stages. The organization of the book is ers substantial ground, albeit in an uneven fashion. How-
quite logical. A detailed description of the editors’ views ever, in defense of the editors, it should be noted that
of the issues addressed in the various chapters is clearly this is a first and it would be very hard to treat all areas
laid out in the Introduction. It appears that the editors in an equivalent manner. The book is most likely to be
made a good effort to balance rigorous mathematical accessible to those who have some background in
treatment with accessibility to biologists. This is done mathematics and are interested in biological problems.
quite well in the early chapters that deal with prokaryotic For those whose current expertise is in biochemistry and
gene expression. One great example of this balance is molecular biology, a course in mathematical techniques
the chapter by Gibson and Bruck on prokaryotic gene would be a prerequisite. For the practicing scientist, the
regulation. Here, the complexities of stochastically mod- book is worth reading. For certain types of graduate
eling the regulated expression of a prokaryotic gene are courses, portions of the book could be fruitfully used
nicely framed in terms of questions that any experimen- as introductory material. Certainly the editors should be
talist studying transcriptional and translational regula- commended for putting together a timely book.
tion will find immediately interesting. If the constants
used for the modeling are reasonably accurate, then Ravi Iyengar
this type of modeling provides a compelling example of Department of Pharmacology and Biological Chemistry
how modeling can provide insights into the system that
Mount Sinai School of Medicine
experiments do not. Such modeling also leads to testa-
New York, New York 10029
ble predictions that will allow us to better define the
system in a quantitative manner and refine the model.
This could be considered an example of where modeling
leads to a better understanding of biology.
In contrast, there are several chapters where the mod-
eling and theoretical analysis appear to be far removed
from the experiments. Many experimentalists might
classify these as imagining biology rather than under-
standing it. One example is the chapter by Somogyi and
colleagues that deals with the analysis of microarray
data. The chapter starts off on a rather tenuous premise
that large-scale gene expression data imply the pres-
ence of a network. This type of analysis is likely to engen-
der considerable skepticism from experimentalists.
Section headings such as “Biological Information Flow:
It is not about mechanism, it is about information flow”
are sure to provide ammunition to those who view mod-
eling as a peripheral activity in biochemistry and molecu-
lar biology. Another example of such unconstrained ap-
